Introduction
While hypoventilation in obstructive airways disease is generally considered to be proportional to the degree of airways obstruction (Baldwin et al., 1949) a number of exceptions have been reported. McNicol and Pride (1965) described four cases of " unexplained underventilation of the lungs " in the presence of only mild airways obstruction; the one-second forced expiratory volume (F.E.V.1) in these subjects was 1.30-1.45 1., while the arterial carbon dioxide tension (Pco2) ranged from 55 to 83 mm. Hg. By contrast Tai and Read (1967) reported blood gas studies in acute bronchial asthma, where, despite severe airways obstruction-for example, F.E.V.1 0.5 1.-hypoventilation, as measured by a raised Pco2, was uncommon. This apparent discrepancy is not confined to these two situations ; even among patients with chronic airways obstruction associated with chronic bronchitis and emphysema the Pco2 does not necessarily rise with increasingly severe airways obstruction. Those cases described by Fletcher et al. (1963) as "emphysematous" tend to have a lower Pco2 than those dAscribed as "bronchitic" at similar values of F.E.V. This report concerns a further examination of the relation between F.E.V.1 and Pco2 in a group of patients with chronic obstructive airways disease and follows up an earlier suggestion (Howell, 1966) of some correlation between the F.E.V.1/Pco2 relationship and CO., sensitivity.
Patients and Methods
The 13 patients included in this study were attending the outpatient department regularly for follow-up of chronic airways obstruction associated with chronic bronchitis, emphysema, or allergic airways disease (Howell and Altounyan, 1967) . They were selected because sufficient measurements of F.E.V.1 and Pco2 had been made at different times to construct plots such as those shown in Fig. 2 Fig. 3 ). The slope of the most linear part of each curve was measured and expressed in kg.m./min./mm.
Hg Pco2. Response to CO2 was also measured in five normal subjects.
Results
The overall relation between the Pco2, as an index of hypoventilation, and the F.E.V.,, as an index of airways obstruction, in patients with chronic obstructive airways disease is shown in Fig. 1 Payne et al., 1967) , it is generally accepted in this country as the best clinical index of airways obstruction (Fairbairn et at., 1962) . Likewise the level of arterial Pco, would seem to be the best clinical index of the adequacy of alveolar ventilation. The relation between these measurements has been examined on several occasions (Smart et al., 1961; Burrows et d., 1965 ; McNicol and Pride, 1965 ; Segall and Butterworth, 1966) . A general trend of rising Pco2 with falling F.E.V.1 has been noted. No one previously seems to have reported the alterations in these two measurements in individual patients over a period of time.
Our results reveal a considerable variability in the relation of F.E.V.1 to Pcoo from subject to subject and show that one important determinant of this relationship is CO. sensitivity as assessed by responsiveness to increased concentrations of inspired CO,. It is customary to measure this response in terms of ventilation, and an impaired ventilatory response to CO2 in emphysema was noted as early as 1912 by Reinhardt. Normal subjects, however, show a diminished CO2 response in terms of ventilation when studied with added external viscous resistances (Cherniack and Snidal, 1956) . Since the addition of an external resistance can hardly be expected to alter central sensitivity to CO2, it is clear that CO2 sensitivity in obstructive airways disease cannot be assessed adequately in terms of a ventilatory response curve (Richards et al., 1958) . As an alternative CO2 response may be measured in terms of the oxygen consumption of the respiratory muscles or the mechanical work done by them. Brodovsky et al. (1960) measured both and concluded that the response expressed in terms of derived total mechanical work was the more reliable index of central CO2 sensitivity though it ignored the factor of efficiency. Milic-Emili and Tyler (1963) , studying CO2 responsiveness in normal subjects, showed that the work done by expiratory muscles was not related to the level of CO2 and recommended assessment in terms of the work done by inspiratory muscles on viscous and elastic resistances in the lungs. These workers also showed that in normal subjects the CO2 response measured in these terms was independent of an added external viscous resistance. (Simonsson, 1963) and that of the Pco2 measured by the rebreathing method of Campbell and Howell (1962) (Scadding, 1963) or "emphysematous " (Fletcher et al., 1963) pattern, whereas Case 13, with a raised Pco, even at an F.E.V.1 of 1.2 1. and with much-reduced CO, sensitivity, showed the " blue and bloated" or " bronchitic " pattern.
The three patients (Cases 2, 4, and 12) who had a significant element of bronchial allergy as judged by the presence of sputum eosinophilia (Howell and Altounyan, 1967) had CO2 sensitivities which, while depressed, all fell above the mean for the group. In a fourth patient (Case 7) sputum eosinophils were found on one occasion only, and though this was associated with increasing airways obstruction (F.E.V.1 0.83-90.51 1.) there was a reduction in arterial Pco2 from 66 to 60 mm. Hg. These observations suggest the possibility that changes associated with bronchial allergy may provide an additional ventilatory drive.
In this series the patient (Case 5) with the most marked radiological evidence of emphysema (Laws and Heard, 1962) also had the most normal CO., sensitivity. However, two other subjects (Cases 8 and 9) with significant radiological emphysema had much-reduced sensitivities, and it is not possible from this small series to draw any conclusions about the relation between C02 sensitivity and radiological evidence of emphysema.
